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. SELECTI VE OXI DATI ON PROCESS AND CATALYST THEREFOR This application 'd) Qi'he"

the priority of United States Provisi onlmumnlmmﬂmmon Serial No. 60/103,717
filed on Cctober 98. 5 This invent g to chem cal %g 3§47

1

t hat are nade w‘?ﬁ% 2 i ve oxidation. Nor egpanti cul arly, this inven
relates to selective oxidation in the presence of a catalyst which |s
supported on a nmesh-like structure. In the petrochem cal industry there are
produced products that are rrade via sel ective oxidation. By selective

oxi dation is neant AP PRECESS ARD €a§iagd s ﬁﬁhﬁ@] Rl ar
oxygen or nnlecular oxygen con a|n|ng streans such as alr e reaction
bei ng st opped before corrpl ete oxidation to carbon d| OXI de and water. For

exanpl e, phthalic anh i de |.s prod ced ) at i pr.ocess.
Mbst plants for produ "ﬁﬁl?ﬁiﬂ‘c dlg%ld °éﬁ¥) It a‘f‘uﬁﬁ?‘é{f'mfg
reactor filled wAspncmmsdrﬂasamw)ozmrrgaedarn mamgpmu;ed with an active

catal yst. The reaction_is. highl yﬂ:iatOt herm ¢ and ofte exceSS| ve oxi dation
il

of the product’, phthal s HyRg: esotoc ehemicy], gradycts ¢ (MAdP M4 Seletiyit 1 ol
or heat renoval. &‘mv.s&sm&egi eursyweﬂ& in$enY|bﬁtrblﬁ’t|e§ Yo §Q€6@1’v@to§tdatli’dﬂ in the
selectivity to phthalic anh de i S well below 100% The best commerci al
processes are knomnsen@crfa\mtaévsywbich nmprz@ted@o@tmq;b%cemrene oxide also is
comercially produced |

epoxi dati on of ethyl e%g)(%ev eri%ﬁﬁéytc}gl 8%%5&/“ ﬁ%@?ﬂ;ﬂﬁé&g M;%e p{rh%ga’%?r?%g% of
et hyl ene oxide. Ivia gamwabmdhthm Bgtsalleymte oxftdiagdn msneamphuyhdfekdcompmiem is

production is sHveAi_ con catal l@lmch S sy orted on a
sui tabl e suppbort reaatecr Wit ‘g 5ﬁgﬁ’f°elf'ﬁ%? H "aﬁ?'hgml 'Qﬁ SRS Rch a8
reaction and, in geofhahe rda&xd?erB?ﬁg kioppedBeftRe thifiplBraixidation e edrbem diokidy | ene

oxide is produced in a tubular reactor in which the gaseous ethylene, and a
gas contai ni ng ox‘b"@éﬁ‘?‘%’re reacted in the gaseous phase over a bed of

supported catal yst in gy Rl.xglrnﬁie' ;pﬁt}ﬁflc tanR@Fide ik tploduded ®%04 REleHive H8dtioRf
reacti on being renoved use of a circul ati ng cool ant which 30 surrounds

t he tubes. WOPFBEass- j piangs for produsing ph @sirids sapplopha multitubulsr
t hyl d t
et hyl ene oxidg i s, gﬁ‘t il sefﬁ&ectl VI{?&E&:&)% s Yr Deftls oRRY Shif Qpaafvee:%ﬁ)&h cne 1o

et hyl ene oxi de, suc conversion. |In genera I gher
t enper at ures i ncr%mwnue thigihlyh em@mm@a@nmzsw wiidgtiombthe lpyoduct,

conversion is bal ‘PP mgner alo%&% Ec&u'evtlh o Qerﬂélqutpxt'eégorﬁm e el remova

appropriate y|eI ere have bee to | rovel[he
yield of ethyl enemeegim_ntqf oexybéneis mytually compidéte, tmt sqbeoﬁnbymmthahcmoh&muati on
wth the silver “Q r\]\}eﬂlbrélor\]vgloo%. The best commercial processes are known to have a yield of

20  about 80%.

Ethylene oxide also is commercially produced by a selective oxidation

process involving the epoxidation of ethylene over a catalyst which catalyzes the
production of ethylene oxide. In general, the catalyst which is employed for such
production is a silver containing catalyst, which is supported on a suitable support.
25 The production of ethylene oxide is an exothermic reaction and, in general,
in order to remove the heat of reaction ethyiene oxide is produced in a tubular
reactor in which the gaseous ethylene, and a gas containing oxygen are reacted in
the gaseous phase over a bed of supported catalyst in a plurality of tubes, with the
exothermic heat of reaction being removed by use of a circulating coolant which

30  surrounds the tubes.
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catal yst which is commercially enployed for such ethyl ene oxide production.
‘The yield of acrylic acid is dependant upon the conversion and aF
selectivities in the oxidation of propyl ene or propane to acrol eip1 a{rfg Zplﬁe
further oxidati oW@f0bacrolein to acrylic acid. In general , HGIA&99/23347
tenperatures increase conversion and decrease selectivity, whereby
conversion is balanced agai nst selectivity in order of obtain an
appropriate yield. Attenpts have been nmade to increase selectivity by

nodi fications to the m xed oxide catalyst normally used. As a result, there

is a need for inprovempng ﬁeldrbmm@ﬁ%asdef@aeaeh@cnseb@cﬁdxw&eﬂﬁzeooﬂdaawrﬁﬂn of
organi ¢ conpounds by the use of nol ecul ar oxygen. In accordance with one

aspect of the preStphyleng/@ngthyene gxides apdthss F‘H’é‘d of sugl ERNVERFION0IP RERSTBIN
process wherein a o] t o y n the
presence of a sui {R%F%q%(ﬁ;er& f%n}hg%?'{aelsféﬁ‘%%&pﬁ“g ugﬁ%fga#;eg{'w% %E}eb
supported on a parcoiversicamtie balapq;ndratgamﬂesebnmls,ummréupp@btaedamatpadngrmc gieldi s

supported on a_no artlc | at upport structure .

Teohol | ke ot of i an Seialy et fayf Bofh ¥inli B Riermi I il of elBhens S ox e
supported catal ystemgRyingea ma.abzyan pRInoté@s leruorrmhahag witte tisel pibeer t @edtabrihgl y St
in the interstices of tr]B nesh. The supyﬁ) g? cata%%st sup ortgd on the
mesh is used as aCSHAYSVIehs commentallyempiqysd forsucly et Wpoaxids Riogyrtiogas
phase. More particul ariye ¥.b#aeofqa§fhc héil R d'é'?éxﬁ!&ht@]poh$hecdbﬁWr§x§§gnd3§eléctlbiﬁE§ or
wires, such as a wire or ber me or gauze) netal

filter or the |ikén thyiexidatiemof pn@eylsm %prep@erfaycmutemﬁpw hesfoxidatipmgf e

| ayer, or mayhncl r j ]
stracture or A0 pidaki R SebBaHEG oAU sfanclleniRrfepneAsttohl oitid
plurality of | ayedscresse mlecasnp,rwiferébgrcsmtensicﬁmusrhmlamteldragm’di;trsehsd\duyah order abHr k
of materials. In a ég‘eferred enbo i, men

00/ 21944 PCT/ USQ9PB4!8 AR aPPFQRIALS, Yie Fs %{?HBFsih*Eéfalégg Qa‘fﬁ l?r‘&F’ei‘sf SSECT'%{%?% of

fibers that are radifithioritd eHrtrfisled dkidd\@utdly RbrtallPasedor nore nmetal s may be
used in producing a netal nesh, Alternattjvely t he nesh flber? may be forned
fromor include materiAf 8 resufiethereris,a negd far unpipYsMments in PFRcessAn A5 ARE HeCtire h

netals; e.g. gar b@m.damtcmorgarcbdoqﬁ,amnmya&e \Re QK indR3ulaPéxygeser am cs. In a

pr ef erred embodi nent wherein the mesh-1ike structure is conprised of a
plurality of layers of Inrqcserldgnqedwﬂb?nﬁ asprst ohthedreserraRwangam therrots\sp vidas a
materials, the thigkpess, &at%H nProEéprQﬁérexhs aftl org&ifiS L co ﬁnd“nﬁrﬂﬁc‘ied Aith
general |y does not excee ten lTnmeters. In a cordan e Wt referred
enmbodi ment, the tmoéqcnlewxmw ine theopresenom ok ai spitable| axidation Geatalyst, wsh aneh nor e
preferably at |ea e

millimeters. In gg‘%tglggqm B%egk%ﬁe uﬂ yur?gggﬁv%?é? Eéﬁfﬁﬁgeﬁedmmgh form
the plurality20f isasuppertesf otﬁ |abmpm1x:ulaassatallysxnsuabmutstxﬁ@ﬁrermnrxsrrs)nesh -like

preferably less t h t 150, m &I o m, r.ef er abl ess tha out
30 microns. In a pr r?@b“ﬁ"e eﬁ'@ﬂi}'e THa Wﬁﬁgg‘f@n"@ empgﬂ%?de?% t he
fibers is from abontheSmesh @bwell ad bntfipping it suiibme‘dmaagrsdimmasmeméesmf&ml i ke

structure may be prqduced as described in U S. Patent Nunber 5, 304, 330;
S, 080, 962; 5,102, . or 5,096,663. It is to be understood, however, that

such mesh-like structuTke SippoR& dafily¥eshippdrtdd’ SHCRE WieSHS is used as a fixed bed. The
25  reaction is preferably in the gas phase.

More particulariy, the mesh like material is comprised of fibers or wires,

such as a wire or fiber mesh, a metal felt or gauze, metal fiber filter or the like.

The mesh like structure may be comprised of a single layer, or may inciude more

than one layer of wires (e.g. a knitted wire structure or 2 woven wire structure), and

30 s preferably comprised of a plurality of layers of wires or fibers to form a three-

dimensional network of materials. In a preferred embodiment, the support
2



20 other than as described in the aforenentioned patents. The nesh-1|ike
“structure that is enployed in the present invention (wthout suppof &8 2003
catal yst on the nesh) has a void volunme which is at least 45% and is
preferably at | e oB@I9and is nore preferably at | east 65% andPeTiUSIy s e
preferably is at |east about 85% (for exanple, at |least 90%. In general,
the voi d vol une does 25 not exceed about 98% The term "void vol une" as
used herein is determ ned by dividing the volume of the structure which is
open by the total volunme of the structure (openings and nesh material) and
mul tiplying by 100gq]hrOR88HpteddTq AYRIGUT lé?@}scbfcﬂb@ﬂ' A& 4ré raddomBAsienled O
m crons and preferably at | east 20 mcrons. The catalyst support on which
the catal yst is sujpthetieyers.wi@ne eumpre3metaisppay e disedimipiosiucing en megtal mgsh.
supported on a nes i t i LS ] '

form The term par ﬁtéﬂ%?glf& téésj%tﬁé{egbeﬁge?% r?g:{%g‘gg eogrhg’tnlgbédé %gpegm& OEME%E?EOS
WO 001 21944 PCT/ UShethld 3dehé emmooqmtssanen spthemeal egararbbesmetal oarfmes dnetal
particles, fibers, eéc. In general, the average particle size of the
particul ate on Wwhi &f °§~kf§a§@qﬂ’éclsi ve oxidation catalyst is supported does not

exceed 200 mcrons and [ha ptremiresa?éxﬂb)zsdmngwaéiﬁihetrh@n-n&@stm@rremomgﬁkbdtdm
average particle size in the mgority of cases not exceeding 20 m crons.

In general, the avelpwbity qfdaverscafdibers @ fasm e dreestimensionplpasyorksofpaterialss the
0.002 mcron and nmcﬁnél??fsgu@ﬁ E%Sg%islé%%h iﬂ/eﬁnigﬂoﬁi gﬂﬁ gcn ?R)&?fnoqgc&wﬁh

supported on the particulate s re is coated on the ne e aver age
particle size of tmilimeteral ybt acardpunet Wiyl raepraferrpd ¢obodiment, ahe ¢kickness of theons

and, when entr gppeg, | iyt {16, EaN <o GRaenalhy HRESohy*E Rtk 1B Ml 10
In accordance wth a preferréd aspect of the present-’invention) e
sel ecti ve oxi dati ogenerallyldes abrtced 2aniflimepsts.bed and the particul ate support

h ticle si i nabave descrihed, which size i
T R X T L e

an enbodi rrentfof tﬁﬁer!} la_vgmexisqa)lesh h&lnrfﬁﬁ)bt |500<@r1i§rbg§,10pi'¢férﬁblytlbg’st thlﬁmrasédxqrse 15
as a support for the oxidation catal yst supported on a  particul ate support
is in the form of RICEPsp¥ é‘!qf?JcPE?fF’é%‘Yp!f&i‘Ef’g. abayt S0 MKPRY ¢ Hh ap greferted

configured to pgovefiRodiment e HEKRES ®r Mianiedd FaRe RHGS G FbAWMLRG & Y8 abdu 25
catalyst in the selective oxidation reactor. The mesh-1like catal yst support

structure may be pPslAN&ed with suitable corrugations in order to provide

for increased turbul encfye el GimbatibNE mekh-likEsiEtbe :%%EBEJI nggéeﬂ_qrﬁgb%ﬁbéﬁ%

i nclude tabs or vortex generators to provide for tu : resence
of turbul ence genePd &atentoNpmbersS,384330y 5/080,06% 513i745; ¢raf896,603gi ltuidite de)

direction and perm j rmfﬁ h [ I ﬁggﬁ e
processes know i nn%"i]dzrs{é)r . S’ g’?ns‘%réqﬂ%;% g‘h"%ga itJr‘?gt‘Es ur {?Fgrrﬁ%%u;eg
generators to 2he stherdltanas deschized intha aforemenkienedaphients The | nproved heat

transfer characteristi C@}?

at 25 wal |, |l ead to an qverall |ower .
tenperature and consequ t’f’ﬁfthﬂﬁ‘&ﬁg‘r’mérﬁlﬂéa&’ﬁ WE'?YC%TﬂghESP’FEF@f TVERtiop shott ¢ an
al so be in the forsoppdred carailiel 6n thetilesASha 4 @did volume@nehic isnarieass B8] sndt ivat
is placed into the tub of a reactor such that the nnels in the dul e
fol l ow the | ongi tuB"FﬁgchﬁtﬁeéE‘tsisé‘rf"st neE Pf‘?.fﬂg’ﬁy ﬂé‘sf g?z ap ﬁ‘lbﬁﬂﬁrﬂ’%@g@ﬁeet s
that are flat, corsugrRhsdbsit 85%\(For eXanipls; Qiithd 8% NIr fRAERD theAtill VdlEmS RSt S
can 30 contain_fins or hgles to pronote m xi nq. he sheets can al so be
shaped into 25  not exceed about 98%. The term "void volume" as used herein is determined by

dividing the volume of the structure which is open by the total volume of the

structure (openings and mesh material) and multiplying by 100. In general, the
average void opening is at ieast 10 microns and preferably at least 20 microns.

The catalyst support on which the catalyst is supported, with such

30 supported catalyst then being supported on a mesh like structure, is a support that

is in particulate form. The term particulate as used herein includes and
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corrugated strips that are separated fromeach other by a flat sheet that
"exactly fit 4 1 8 F F ~ 2003 WO 001 21944 PCT/ US99/ 23347 the size of8 kel
tube and are held together by welds, wires) a cylindrical flat sheet or
conbi nati ons thew@®221%4 is to be understood that the nmesh - |i RETASHHNIBLT

t hat supports the supported catalyst may be enployed in a formother than
as a structured sheet. 5 For exanple, the nmesh - |ike support may be forned
as rings, particles, ribbons, etc. and enployed in the reactor as a packed
bed. In one enbodi nent the particle dinensions are smaller than those of
packed bed parti clesohptasesasphehidadparitlas, tdiengpted antiids, fibérs, stapplardesdtal, the

sel ective oxidation catal yst whi IS sug?orteg. Fn thg'3 mesh ‘rj‘?o lia:l(ye .
structure may be re@BHparfiiesizg PRt BBICh thesselectiye Pridatiu it (i r es

or fibers that forgpidMadasel not!dxkédSadod ahistbs am/iprz¥mw1ybﬁopg@ﬁan&maqd
retained in the interstices of the mesh - |ike structure.” I n one

enbodi ment, wher eimictone witht the seragaupasticle side dmthe paipritycef cases aeteseding 20

present as a cqatinh h | J St : |~ | S
Cat al yst st ruotur dNE oL GoRtEpng biefesk BaficlNiae rae irfcubidd 1 TP i 01063

fol |l owed by addi timieronfant more gerneriliyva ieasi 04 tmiorons.aWibensthe catalylstesupgorted onl at e
support present as,a coating on the nesh - like structure. Alternatiyely,
e’ cat al yat - suppdht SHGHAE BEPER FOREH 81 JHbMEs i) BETRES PBRICE B Phibe
nmesh. The parti cul @tafysEppert igeNdrally des Wbt dkeetid 10ahRFOHEanBBYhdiert@pie8tn the t he
mesh - like structure by a variety of 20 techniques, e.g., dipping or

sprayi ng. The supposshegeneratly doesnobaxceed | ¥smicepShe applied to the mesh-1ike
structure by cgntacting,t - Lk ke f | t | | il
y cqn 9n LdRBorMaRe" Witk ?%éfuﬁéd’_a?péetac?hghet h%tgérﬁl f0eHibAOthe

conposition (preferably in the formof "a coating . I ncl udes
particl es di sper sedlecuvesoridayionds effe@ed ooadixed bed asditlie partculath suppat hasgn

conposition enters_or wcks into the. 25 nesh-like structur r s
borbus coati g on BEeR P s SFE R E S o6 WEHE ER Y SRR TR, o
structure. Alternahimbbsglusediin privs brtlfixkdbeai proesssese i s coated with a

articul ate support containi active catal yst ,or the.nmesh-1ike structure
Ir?ny be coat ed \F/)mpt h par ?ﬁ‘ an &g‘gg‘f""&"&:%&etaf )‘fg"f’"tfﬂ"egl'fr’g?ﬂhs‘l@ strugtuge, thak RUACtions 3 \\o

oon~944 1S  as asupport for the oxidation catalyst supported on a particulate support is in the
form of a shaped structured packing. This packing can be configured to provide
for turbulence of the gas phase flowing over the catalyst in the selective oxidation
“reactor. The mesh-like catalyst support structure may be provided with suitable
corrugations in order to provide for increased turbulence. Alternatively, the mesh-
20  like structure may include tabs or vortex generators to provide for turbuience. The
presence of turbulence generators permits mixing in the radial (and longitudinal)
direction and permits improved heat transfer at the wall compared to the processes
know in the art. This can be effected by adding turbulence generators to the
structure that contact the wall. The improved heat transfer characteristics at the
25  wall lead to an overall lower temperature and consequently higher selectivity.
The structural packing can also be in the form of a module such as a roll of one or
more sheets that is placed into the tubes of a reactor such that the channels in the
module follow the longitudinal direction of the tube. The roll can comprise sheets
that are flat, corrugated or wavy or a combination thereof and the sheets can
30 contain fins or holes to promote mixing. The sheets can also be shaped into
corrugated strips that are separated from each other by a flat sheet that exactly fit
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PCT/ US99n3347 In a preferred enbodinent) the liquid coating conposition has
“a kinematic viscosity of no greater than 17S centi stokes and a surf 8dé€8 2003
tension of no greater than 300 dynes/cm In one enbodi nent, the supported
catal yst or catalwsorseqaport is coated onto 5 the nmesh by di p- ceariusg/23sa1 a
preferred enbodi nent, the three-dinensional nmesh |ike material is oxidized
before coating; e.g., heating in air at a tenperature of from 300C up to
700C. In sone cases, if the mesh-like material is contam nated with organic
material, the nesh-like material is cleaned prior to oxidation; for

exanpl e, by washi nenewidehofahe Rbgany sre holdegedthes by Rvelss, d6RE 0N indAcal Rt geat i Ny
bath is preferably a m xed solvent system of organic solvents and water in
whi ch the particl e§f%9‘%b"éﬂ"§ﬂéﬂ’§@8f- The polarity of the solvent systemis
preferably lower than thal @f pe\dhdersiddd fHat e msmr.elw&uplabmhaokdebebhe ke OF
the catalyst and to obtain a good quality slurry for coating. The sol vent
system may be a ni xeppooedtatalystanay kmemployedeiota fosin ether ke ahalstructWied sheet.

ki nematic viscogity of t j t bl y.less than 175
centi st okes and§t hé‘ors%xrafn%(:ee?}fegl#ss{ﬂgr} ﬁte]?ﬁe%f &’?%B%?Ié g?aagln);lgﬁeosaguctl%aﬂ&%
dynes/cm I n a prekrrandengibedimthe reasfor abhe packed bed. o orfeteenbodisent iheparticie
structure that is coated incl udgs gEtﬁnl vm'{es ch fd: ber,s1 and thg’ametal W I es
or fibers that aredtesasigns gesmallerthanthoss of packed bed particiesthatarednewm amthe ¢ he
surface tension thgggokt is higher than 50 20 dynes/cm as deterni ned by the

met hod described in "Advances in Chemstry. 43. Contact Angle Wttability
and Adhesion. Anerican TheesHppenedselertiteoxidatign catalyst wideh isisupreried on the mesh

structure that jpncl H?ﬁ§rﬂ£ﬁﬁ@ha§' ibp?ﬁﬁent bR 8he ek lgcg%gg%drp& :P&ILBﬁ? bh i wires

[
preferably has a surface tension from about 50 dynes/c and nore
preferably from aboufibes9thabforBoheipeshsy kg strueturecand/or owybg prasenteagiréthiaed/int ube

25 met hod, as desc'i.et?ﬁg\rf}iges-gf%e rEe@ftEﬁQe st" C%bgt Fl ow and Pi gnent
: ey-Tn

Di spersion”, 2"d Ed. ersci ence, 9) p. 223. At the sane tine,
the |iquid coating conpbsioh¢ Gmbodisneat, kwheremt the vatalgsssupporedd oo jrpaaicelatet han

175 centistokes, as neasured by a capillary vi met er and descri bed .,n

b e i eone "pr i aMBPRdS BrEserd s 8 caRa,ora¥ miesh PR Ghelyet Huctis She et 1k
Dekker Inc., 1986) cflalystGBuctdfe thdy telsitiaily) coatddodithtiatparticiRteSdubpGiE Follnitgn of
the netal being coated is_ coordi hat eg }{\nth t he viscosit d surface

tension of the |iqaAfdticnakthegelesiypoXideigmeagplyst 1o therpati QZSQQPQDPWF'MQM
PCT/ US99/ 23347 sucRodifiglont the rhdshlUi tkeCsdribiund ARBRGHely, QRe Eatalflt 3WbokiBd @n tahe
interior of the structure to
particulate support may be coated onto the mesh. The particulate support with or
without catalyst may be coated on the mesh - like structure by a variety of
20 techniques, e.g., dipping or spraying.
The supported catalyst particles may be applied to the mesh-like structure
by contacting the mesh-like structure with a liquid coating composition
(preferably in the form of a coating bath) that includes the particles dispersed in a
liquid under conditions such that the coating composition enters or wicks into the
25 mesh-like structure and forms a porous coating on both the interior and exterior
portions of the mesh-like structure.
Alternatively, the mesh-like structure is coated with a particulate support
containing active catalyst or the mesh-like structure may be coated with particles

of a catalyst precursor.



produce a particul ate coating on the nmesh-like structure. The netal to be
‘coated preferably has a surface tension which is greater than 50 dyhekd ##
and preferably is higher than the surface tension of the liquid coatin
conposition to omog’%“spont aneous wetting and penetration of t"ﬁ@’”ﬁ?%ﬁgi"ﬁ
into the interior of the nmesh. In the case where the netal of the structure
that is to be coated does not have the desired surface tension, the swture
may be heat-treated to produce the desired surface tension. The |iquid
coating conposition can be prepared w thout any binders or 10 adhesi ves for
causi ng adherence of t Hea peaferred embodimeshthe: Hauid cORIBL SPMpRYtignehas rkinedaHe ace

of ‘the structure LacReyGPRS EalPbai 79 cAfisERAINE ldtscR herkiBh o il laiefMh | d

to increase the attraction ween the surface an e partic orm
t he coating; e.~. 3)0twet/cir eat rent or chem cal nodification of the surface.

The solids content of the coati.ng bath general s fromabout. 2 %t o about
15 50% preferably fro %ﬂfcfm%c’%'%%f"o%fb% °@6‘%a%°rb‘§%ﬁ'shwp%ﬁ g(?"%%#}?'ﬁ?n
addi tives suchsas tigeunésh®yadip-Satiflg.s B & paéfersedcémbodineng @he thiderdimBrisionsli igésh-

ratio of additives_ to particles 1n the coating,bath,is from0.0001 to 0.4
and nore pref er abllife masrplos gyidized,before costing; kgs edtingdn AR plch tfempPegEr A IR y i s

coated by di ppi ng 3hpe ﬁt@hzob%dsem?&ng&fési filthd &Egl-mceqe%m% Bisptdmifdi& Wiy or e

times while drying or cining in between dippings. e tenperature of the
bath is preferabl prganicmuaterial, shgomeshi-likecinatonal 14 alsaneg pper wudxidation: rfor sxampleow
the boiling point of the liquid in t th. Al coating) the nesh-Ilike
material that i nclbﬂﬂ'é‘gh’%g ggﬁ%%rg%%%ﬁl?ﬁeﬁp ugmgsr ?Aéseéﬁg'of a plurality of
particles is doied) prTheesdiny bithtih prdferatintacmixad solmentt systent iof atgadib sploents i on.
The drying is preferably. acg | i shed by contact _with.a flow ng gas (such
as air) at a tenpéP Y"ﬁ‘F%‘“th‘an@ﬁP%@ef ef?@?fs?%rg’eﬁf’g‘f'@r‘glﬂ‘w B §EHEs t o

150C. After dryi nglefdriifly kot fifdn FRE Bf WhtkEin R ld g.levéns high 85186iE of thedatdlysed,
for exanple, at a tenperature of from 250C to 800C, preferably 300C to

500C, most pref er b tp obtainhgned aualisicsiugmy fof caatinge The tplveibYygiemaney, berafaixture

tenperature and aiof whte\WnfHeS eRBrsCAHAMNEISEFh RncthalRviskési ro'f’mecesatﬁlg%wmg
rate that does not affect adversely the 7 1 8 f- E B 2003 WO 0021944
PCT/ US99/ 233415 capeeferahly lessthamby}S aentistokes and thie sgrface tepsirn thereof isypraferably dase. | n
many cases, a sl om35@aﬁ\e9f:mdryi ng is preferred. The thickness of the
fornmed coating may vary.” I'n general, the thickness is at least 1 micron and
in general no greater Ithaprefédfed embodiment of tieaavention, theemeshdikersguSureithatkiness

Gocs, 1oL €020 S0 i W R LIRS bt AR B s BOFS B B0 s 90
whi ch selected or treated in a manner such that the surface tension thereof is higher than 50
20 dynes/cm, as determined by the method described in "Advances in Chemistry, 43,
Contact Angle, Wettability and Adhesion, American Chemical Society, 1964."

In coating a mesh-like structure that includes metal fibers, the liquid coating
composition preferably has a surface tension from about 50 to 300 dynes/cm, and
more preferably from about 50-to 150 dynes/cm, as measured by the capillary tube

25  method, as described in T.C. Patton, "Paint Flow and Pigment Dispersion", o™ Ed,
Wiley-Interscience, 1979, p. 223. At the same time, the liquid coating composition
has a kinematic viscosity of no greater than 175 centistokes, as measured by a
capillary viscometer and described in P.C. Hiemenz, "Principles of colloid and
Surface Chemistry”, 2™ Ed., Marcel Dekker Inc., 1986, p. 182.

30 In such an embodiment, the surface tension of the metal being coated is
coordinated with the viscosity and surface tension of the liquid coating composition
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is suffcient to allow the particles which conprise the coating to ?gﬁtﬂmﬁ}e
‘or. mgrate into the three di mensional network. Thus, the pore size'df

three dinensional 10 naterial and the particle size of the particles
conprising the cH&aorg944in ef fect, determ ne the anmount and uni POTBINZ3IBIN
the coating that can be deposited in the interior of the network of

mat eri al and/or the coating thickness in the network. The |arger the pore
sizes the greater the thickness of the coating which can be uniformy
coated in accordance with the invention. 15 In the case where the particles
are in the form of m?chQ%?leW%ld)&gﬁ osﬁx&?xswmpﬁo’ th@{rkétlor bfife SRRAFL fo OF
the particles, is treated to conve t e catal yst precursor to an active
catalyst. In the camduwm:epmlcﬂiaemazttngcdre&lemsbhkastemiepoghe mtalmbheoatwr ee
di mensi onal network erial.is a. cat st su act t.or
catal yst precursor Wg?“bga a‘osé’rfé‘ﬂ"‘ptlei‘sé‘ﬁ"f' 'ﬁcgﬁea%eﬁgﬁﬂébdy'ée egﬂ}/@{/i‘sng,
di ppi ng, or 20 i nphiggeratha@nthe! furfisd ﬁ@)sian@tathengqthdt &hatxﬁilazoﬁnp@diddﬁgt&@bﬁm n

sonme cases may include additives. These ag)?I ti ve ge the _physical
charact eri sti csd of SRAFEANEQUS WerIB3A¢ Reneiratiog E'ieé‘ﬂﬂ" "‘P ’%‘F%Qf&gﬁ'ﬁy‘eﬁhd
surface tension such t nigunglifst UhedRPhES TBRiahieqr 1o b CodlBaed itk five

pl ace and a coating can be obtained wth a honobgeneous distribution on the
25 interior and exﬂsrtieslreddﬁrf%memmhthemtﬁﬂnmy Alhpatetreated ¢o privduce ithyesdesizad
properties of the Q th, but also act as binders. After the
deposition, the artiic e |s dr| ed and cal ci ned. As representative

stabilizing agents t her Thertiguib ecoawny bmnmdmom can | benpreparedk withait \aag ryrdes arci d,
acryl am nes, ani uat r nar, CcO or .other 30 speci al

m xes which ar ég Ba%ax%ﬁ‘m ‘gj pgﬁg’gﬂgﬁoﬁtg}gﬁgfqe\f@l‘?’ "n organic
sol vent can be used for mmuﬁaﬁ%fpufepaﬁmf&wmel@Szeefm@pc‘anosw viedicallgr &

al cohois or 8 E)’ é003 W O 00/ 21944, PCTNS99/ 23347 l'iquid
paraffins. Convol B‘I‘ystcﬁ dified to, incesaspripe agragtion,bstyynen thesurfy itbgpasticlesno-

i's another method gf ﬁhﬁﬁl@d&&:ﬂé" €.V hée Redih¥nt BPcheiidal MEGIALRRR bPRe erfaEé‘e
coating slurry. The particul ate support with or w thout catalyst may

coated onto the nmesh | i Kee solids pgnsent ofi the spating patgeaeraliy M{th@m%%:@aabpwg
procedur e, ngscgo%ege%gggém%dﬁﬁgﬂﬁtgm%ﬁer| al Nunber 09l 156, 023,
suc

filed on Septe a proce ure) a wire nesh like
structure is enployed a¥hebah ofaytalse ceftaintadditives)sueings surfactams, dispersaatsests ulppor t
of the requisite p I QQH; I I ably
al so includes the gﬁ%}agrt e\%xéfn %Hrlf’r?é}’wté l?ﬁﬂh% C}ﬁkng b%xﬁhi ‘%1 erogéllgé of

| arger particles tOﬁahémmrermeﬁmbly)fmmOQ&lsp@nUed in a coating bath. A

potential is 10 applied Cros | ectrqdes, one of h.is t h
like structure forned f “m"é‘sﬁw"fﬁ ﬁf’i‘f?dﬁf&?@@grg cqateg %@P‘%H‘et e

Iikﬁ st ruct ulrezi)s e}a&aﬁhmlmmg:gdﬂh ynmaﬁd?dtnweid hhﬂb&yﬁ@f&@ﬂhm Ed”lbdﬁw?]enl

wi t hout catalyst. |f the _support does not inc a catal yst e phthalic
anhydri de catal yst d'iPE'“g’hé‘i? e H@bég‘t'élp?g"c‘ﬁgl’ mﬂr‘E‘“W“HFp?H‘Hb’ he
structure (which thﬁé}&tﬁy*belowm&%hnggﬁouﬂoﬁﬂﬁlnhtﬁla)n!h@'bﬁhan appropriate I S
solution that contains the catal yst an _gre erably one or nore pronoters.

As her ei nabove i ndi cat edfter [fgatingp sy treesh-iike craterind bt dneluden, ac aeraby seatingy be
supported on the Mesfided 6fd Alrafity of Bltialbls aﬂeoobre?am Biththe nhiferiBFiR a verdedl! ©

support in the_interstices of thé mesh. For exagg in producing a nesh
li ke struct ure28onpesitiead The deying is peefaraby ascomplish by,¢ontaghwishs fJowing ars (Surh

oD bauer oot he” B PBRGhy ek FIY 208 1 TSR e bidrehdfy, Mrk 100%E 1 | Rrci3e

for produ0|ng t he struc ere I'’ke"structure 1's
produced with the Adiet dryimgathe csauq:mmash-lrketrmumdxslpnefeﬂabzlylcnltmeﬁtfomsmpﬂ"e dthe

mesh. For exanpl e, as de bed in
the aforenenti onedte?nai’t% %“FEOPgﬂ'B%Oﬁm%&BgDBVgB .'%?%"Q{Sg? %Oeg'l mYsLP § b’ ?et
bei ng added to theabmasmoo?(at moat prefered lembbdiments thedemperinireednd sitdlowasre

30 coordinated in order to produce a drying rate that does not affect adversely the



25 cellul ose. The produced nmesh stnrcture includes the support paptig Bg
"retained in the nmesh structure. The particul ate support retained in the
mesh structure is then inpregnated with sel ective oxidation catal yst by
procedures knownWPHOEWé art. These and ot her enbodi ments shoul dPERUSYRANMENE
to those skilled in the art fromthe teachings herein. 30 Although in a
preferred enbodi nent, essentially the entire thickness of the material is
coated with the catalyst, it is within the spirit and scope of the 9 ~ a
Fr azoo3 WO 00/'Z 1944 PCT/ U S99/ 23347 invention to coat |ess than the
entire thickness Watalyssetating@ald,| #dcking, Bibck@gSo? pofes, 6 Sinthgénydakdsl £ slotver rafl i t
and scope of the present invention to have various coating thicknesses
within the three -idPHEIS BFRAETed r ucture. The catal yst structure of the
present invention nmay mp%,g; 1 Y X L an USI Ng
oxi dation procedures ggﬁlg;?a y¥fﬂ‘éﬁ\)\%¥oﬁeﬁta§§ln§ﬁ%y %‘I\?%r@{iér?hggémlg@ggﬁya

i nproved yi el d. THesasi hpricroedng iie geherahyo lgeeasbthan €@ npyrons c Tepisillygtheabamgof

conversion in that,increased selectiyity can_be o i and/or  from the
i ncreased sel eé’ti \}P‘fveﬁ S?Se\r/‘?toﬁ’% S’/d é@e"ﬁﬂ."%} é%aeé'fopécgﬁgagg i oh °h eﬁ%%%ra'@ance
wi t h anot her aspeahichs.t he present invention, the oxidation 10 catal yst

(catal yst supported on particul ate suppo t"iﬂi,s upported on the nesh |ike
structure in an amount ’@F‘%EF"‘P'EPQQ‘P“B’f%‘ ‘“oﬁ[! @PE&‘&‘E‘PWQ‘F has aporasity whigh: 1,

the amount of suppeEkiftderad aliow thePamisledwhith BRhprit¥ R 3atE 8 PLhaal JTMigrate
general | y not exceeding 50 % all by weight, based on nmesh and supported
catal yst. In one dndhe theer dimessienal erwori dThus! theepoes sighef thesthree dimengional
structure priof,t [ ried lLyst i 0 e. Weight
per cont of " supor (HAHHL A e SRR AL BalBler SuphBHE HiG Giadyll B
voi d vol unme i s abodeterrBin@othéremaentgint undorestytofafie soqppgtha can deadepssited o theom

about 5% to about .80% In, a preferred embodi nent, .the.pesh.- |ike strycture
that includes sude‘Frt'%roofrc}g? ﬁ%”g{k ?H’énaé?ﬂ?% t?%wéﬂﬂ%ﬁb%eﬂfsst’%ﬂﬁrwcﬁg ®voi d
vol unme in the readidgaithe por@ sixks the gteaRBihe Hidknass bf PhieadortimdiviicR tardl Basiforfly 70%

In general, in such a preferred enbodi nent, the void vol une does not exceed

about 95 % In an Qe %EW?“&?F“F. AhSINEBHAN on, the sel ective oxi dation is
et ~' ected in astubul ar 1 RECERE white! the bRBciEPiraliy te Bth WETaWaBlAP bRGurksts tet €d
into the tubes in which the organjc_conmpound, and oxygen are Teacted. In
such an enbodi nentPrefuct aiterzbe deppsih pf e partieles, ircesated ity Eonyert the catalyst pRerusspr
functions as a suppqk hciver GRtRI NS twHere tROSREded WhiPH Q¥ int ence
of the gas phase f_ovma%g (‘):{a/e the cat al y_s't%tan@?o? brleaa?él?g&g;t&[wyg@}r#enar
| ayer at the wal | dimensipsal perwotkr off mptgnalTihe catadyst Isupportc activieyaatalyst) pop oatalyst
stricture may be i i i e, C | ons i to,pLrovi de
for turbul ence inIl%:'[rﬂ;\é}stgﬁg'zaa\gaat?]1 "f% (g)ratpgﬁédi tﬁc%g;ég dr?ﬁ%tﬁé‘rg&ogérgg'hg’ac?%%n(?s at
t he reactor 3RO0walimpregngwned to t he packed beds know in the prior art.

In using a coating bath, the coating bath in some cases may inciude additives.

These additives change the physical characteristics of the coating bath, in particular
the viscosity and surface tension such that during dipping penetration of the mesh
takes place and a coating can be obtained with a homogeneous distribution on the
25  interior and exterior of the mesh. Sols not only change the physical properties of the
coating bath, but also act as binders. After the deposition, the article is dried and
caicined.
As representative stabilizing agents there may be mentioned: a polymer like
polyacrylic acid, acrylamines, organic quaternary ammonium compounds, or other
30  special mixes which are selected based on the particles. Alternatively an organic
solvent can be used for the same purpose. Examples of such solvents are alcohols or
8



10 1 8 F F B 2003 WO 00121944 PCTI US99/ 23347 The present inventi ongirgg 2003
applicable to a wwde variety of processes for catalytic selective oxidation
of an organi ¢ conpound by the use of nol ecul ar oxygen. In nbost cases, the
organi ¢ conpound y,§ g biydr ocarbon; for exanple, an aromatic hydpesRkhpRHr
a saturated or unsaturated aliphatic hydrocarbon. As 5 representative
exanpl es, there nmay be nentioned processes for selectively oxidizing
napht hal ene and/ or o-xylene to phthalic anhydride; benzene, butane and/or
butene to mal efi ¢ anhydride; an aliphatic hydrocarbon to the correspondi ng

epoxy conpound, sugch.as al ke t L i a8 WA ol
to an al dehyde (folllqué‘ﬁlpzf@%és; (I(()c’)??rglaq[f?h(f o?‘ltﬁ%%lﬁ% fgﬁ%égﬁgle’ tbg #g@ﬁo#ﬁ%
f or mal dehyde); an i$@notllek Aiethod of eHakgimetht oisensitypdndeshyfate térfsmn of erpitng sjprrgpene

and/ or propane to acroleipn); an ai dehyde to a carboxylic acid (for npl e)
acrolein to acryl i'Eheal@mf)‘!a“’ef‘{?}’"'ité?’l“ﬁ@i%b‘?%fa‘?lﬁﬁ Ve q“a‘i“%)ﬂ"&%hedﬂ’sgﬁﬁe

propyl ene is nor”%akdyspeu%ryoﬁdbpuﬁ eie@zr?ﬂo}‘@itséom Em&m, dhBeseAweat in00 S eed

gas, a mxture of propylene, steamand air 15 preheated to_a heat exchanger
is fed to the f3 rshppligatinnoSeriah Numberni0%ki6ei28i blad on Sepeamipeehd 1298adnsheh &
(CH2=CH CHO) takes | Drirk RS PiES | ' 0 L des
of nultival ent mt%ﬁé°%§§d JfE'"treﬁ) eJ%nsﬁq&ggque@?#f%ﬁ%r?gﬁ%)&ég?%ggsog%géé
(Eur opean Pat Appl parfit@laie3dibpdi.of Thecrequsict paitiaja size, swith en withows ciatalyst, gwhiockluced

to a second reactor, re the 20 main reaction is the oxidation of
acrolein to acryl i@%’%@ a?%?t '"?’o‘%’é} Depo ‘I“nthe ?°é5'c‘fsfiao§??b°r grgg:aﬁeet(ﬂf 8&"5%
E]geact ors i |S apﬂg ngdim?r%i‘rlﬁgnﬂi)ldmsm@ﬁi&nww I3 saspendidaf ta doatifeg kia‘th.aAfpbvenﬁﬂdﬂn;js
or exanpl e, ,111,983) USP 4,333,858, USP 4,410,858, USP 4,415, 752).
The heat of _re%fbti‘t?rﬁ"?%“f%ﬁ'l‘a‘?@‘?@fén%?éﬁ Wgt'hg‘edi‘?sgdl tsf"B?f“@ff°'5“eI17 m
transfer nedi um t by giaiint Be1a5B8!df dEdCamd hk Nfesh a6t Brudurd AT eldfroBiciBital)
wat er which is then recovered as steam |n accordance with the present
invention) such a goatsdedih the sesfportevithear Withowt calalysts elf dhe suppord dpesanot ipplude a
catal yst support edegyf iiERgL: hfifarky REREICHRARANES HPHE AR whEnfOBY Ner

r
representative exanp a sel ect’lve oxidatlon process Xyrene 1S

prehgat ed and vapodip;:ingjthiersfmctares(whiehmmmainathp supplogt asiar cogtimg)antosinapproprid® 30
t t 100 . O- bi Thi [ f
0, apout 100 o2l BR3Pl S o e RASABROR ",

0o- Xyl ene i s out’si mXxture then is
passed through a 11 JAsthefeiabba iRdiCifed, the supported selective oxidation catalyst may be

supported on the mesh material by entrapping or retaining the particulate support in

the interstices of the mesh. For example, in producing a mesh like structure
comprised of a plurality of layers of randomly oriented fibers, the particulate support
20 may be included in the mix that is used for producing the mesh-like structure
whereby the mesh-like structure is produced with the particulate support retained in
the interstices of the mesh. For example, such mesh like structure may be produced
as described in the aforementioned patents, and with an appropriate particulate
support being added to the mesh that contains the fibers and a binder, such as
25  cellulose. The produced mesh structure includes the support particles retained in the
mesh structure. The particulate support retained in the mesh structure is then
impregnated with selective oxidation catalyst by procedures known in the art.
These and other embodiments should be apparent to those skilled in the art
from the teachings herein.
30 Although in a preferred embodiment, essentially the entire thickness of the
material is coated with the catalyst, it is within the spirit and scope of the
9



WO 001 21944 PCT/ US99/ 23347 mul titubul ar reactor packed with a structF r(i@
"catal yst of the type herei nabove descri bed. The operating pressurbBi EB But
at nospheric. A typical 50,000 netric ton plant has about 17,000 tubes,

whi ch woul d be fWOMdIdsth catal yst of the present invention. TRETAUSHEIINT
is conposed of two adjacent in-Line reaction zones. 5 Each zone is cool ed
Wth a separate salt bath with a catal yst structure of the invention in
each zone, however, the catal yst supported thereon can differ in each zone.
A eutectic mxture of potassiumnitrate and sodiumnitrite is used for

cooling. The salt fhoeuehabWodt ieds tag dhe rentireZ MitknBRYwile s@dppaitient ¢ ysd GC
hi gher than that in the second zone. Vanadi um and titani um oxi des are the

maj or 10 conponent Rossiblet withinathg spisit. and sG9Re |of R (RRESCRF IN¥ERLION O BAve rYABPYS unm)
oxide is added to j Calhah i first zone in
order to | ower theEJalg W%e%?sr?ﬁgﬁg%tgfe;st. S%?n{,ﬁlgﬁ.{t/l,;}e’a smal | anount of
phosphorus oxide is addBe taalyiestrmsguos of shg present ip¥entian ahays be iempidyed gecond
zone to increasg activity.. s | eaves.the.r t t at rature bout
350C to 360C. The UUHET é’f‘Sﬁ‘a"BfP’%“i%"%‘Jiﬁ ‘Bﬂ%ﬁ@ﬁr"?{%ﬁ g $°§‘g‘rcl§§{§f‘é n ‘\%Fﬁ t he
mai n by- products brivigedandos gh MiprdeedpididialThé imploved yieldamay bei abeained by

pht hal i de) and traces of other, substances al so are forped. The gas Mture
energing from the inET&Rsting Eﬁtqs_SOfﬁP_é“&iQﬂ Bthatgcrensed SF‘&‘E!f"f‘&S can bgobtained gpfiser
system where pht hajlg émhx.@ued‘éenbaama@msﬁqsxguséd%eé b dRfergBnt Ubes as a
solid. The switch condensers then aré heated by heat transfer oil in an
automatic switching cydneccapdancagvitheznothey aspeseofithepsesemsdnysntingl the oxidasiaty | de
is nmelted and |1 ' Ehinal ] (S
par 1 ed i n tudd ci SR (et BicRRE dnl faribli8 dafoorh AP sl B Btk 5
control are cruci alikd srctuné in @r aness .of 2bledhe§ &, faad prefesabdy at lieagp dOYoamith ot
only in order to avoid excessively . high t erat ures t also to aghieve a
better yield. In t#aU%e G'FPPSFF%F%QW%E%?%%%‘? e§‘f°|’§8¥ a&ésapglnéﬂr%generaﬁy not
tﬁrrpergt utrje gr adi eébtwedﬂ'flgtwl"/ﬁraﬂl wheaﬂfht, based be maﬁ:aaa s?pﬂoﬁm iﬁ@ualﬁ:a\r/]em b'ke]?ugh
t he tube dianeter is on one inch. This is result of the high heat.o
reaction coupl ed V\F'P‘P‘Pd{'“%’tp}gﬁfe the afeid é%Wﬁlofg%%F y"}c‘)‘F SYHGUHE FEIQE 19 9edingyeq.
The 30 cat al ysist egpgsiddWatiysh RUdbdut26098 @ twelth? Gefcent 37 Qfppolted cathi9st!io famat

transfer limtations and terrperature@gradl ents, tenperature up to 440C at

certain hot t2  1a®@uFS% t@alxmb40%and phen the yoidyplumpms abau P5%she weighteperrgnt

unconmon. At these g&ﬁ( t i $ 64,66 bkt o bé&di
anhydride is nearl ?/ﬂ; ro ecca se‘ggﬁg“_ﬁgﬁoiuc anhyagér{l?tdggo/ﬁt's_ oxﬁ‘gfé?%é%@{no (l:'g?rg"on
di oxi de. Hy using thammestni likeystructuneithat inghudessupported satalys s employedtin amamounbtoe | s
i nproved sel ecti vi o] V. ' : | QWi . Lep i

exanpl es of 5 pht hg'i%?ngé gﬁfﬁ&dfoﬁudéé gulatﬁlglrg%{@? L‘%’ﬁhog\r,%t (rl}g? %lbﬁe%ﬁ érgt%gagfyta&s‘ lé(;agtat ed
with a thin (0202 7@%.2Ir0gemenat, lin sch alpagferedodmbmaingdny tthecwiid yolame idves nonexeeddal
conpri sing vanadi u te%t(,pxi de and titanium di oxi de (ref DE-A1l, 442,590). Use
has al so been nade? upgported catalysts in which the catalytically active
mstéI ;ari al is doE)ed Wit h Iahaseptbedment offhe iﬁvdﬁﬁén,ﬁﬁ&)elaﬁvd\biihe)um i§ effediéd.ima

and/ or cesium (USP 4, 007,136, USP 4, 096, 094, USP 5,910, b08) In accordance
with the present i FPBAE re3ftor s¥ “‘éé’P@&sf HBIEE Ein8 dpserted it HigghbesHB L

the supported cat athsdrgddfd BSm Bt CskyRéh BRSRactd® M ERhNAP&HBLITHRER Tof Rd-
I n anot her enbodi nent, the selective oxidation is a process for selectively

15 epoxi di zi ng2an HVREAB the mesh-Hke gripnes| whieh Sicdens aan speathfas thy caalyss is
reaction is the ep%b%:f?%\%i@é; {oﬁ&{??ﬂl%@ of Phel 438 pHAR 4 ﬁ%ﬁﬁxetc&ﬁy&fﬁh for

et hyl ene oxide. The yie _ ene oxide 1s dependent upon both the rate
of conversion of ebegk-emef the lagtitay llayeratdhe welj ofithe reagtor tibk.cThe meshyliksrcatalyst

conversion. In gen i el j j .
decrease sel ectivi %?&\tﬂﬁ@lﬁ&%hg%ﬁ%ﬁl on “?@ %’gﬂeﬁ%g@g’gﬁ’{ﬁd%°?g‘ﬂ‘ed&f?'vi ty
in order to obtai ntushuienpe imbentybieadnd .forl an inbrieased mbowernaf cbpta@tpointscatahe seactor

oxi di zed sel ectjvely, in the presence.of .a selective oxidation catalyst
supported on as?)ar W%'!:Eﬁ"%ﬂaéedstgﬂﬁcﬁaf eg'Fﬁ%s'g\?WB CPFtYtal yst is supported on

a nesh-li ke structure.

10



In one enbodi nent, the particulate support that is used for supporting the
‘catalyst for converting an al kene to an al kyl ene oxide has a surfiaEerpIgs
of 0. I to 5 25 ns/g. In another enbodinent, the surface area is greater
than the surface 3 gm19fs the catal ytic supports previously used J&iqlsb&334+t -
As known in the art, such prior art supports preferably have a surtface area
from0.1 to 5 ne/g. Such prior art supports are preferably fornmed from

al pha alumna. In this enbodiment, the particular catal yst support is a
porous support that has a surface area that is greater than 5 n2/g) 30 and
preferably a surface ar greater. than 25 nw/ [.n 3 face
area does not exceed 300 ?r&se H%vegﬁ?? éscégrg‘rcggei!g armn%aéseu(r&%ff%gﬁ%?ﬁoé&%s R
Hrunauer) Emmett 13catalyticSsdfedaval okiaBomaf @anirgddc BSmpadnd By3 e 7usand’ melbdudar
(BET) nmethod. The support_is a porous support that, is heat resjstant, and
as representative e??‘éﬁﬁ'!-eg’ PSS _ée*a@gﬁntcscwemf ﬁeﬂ/hﬂé"‘ﬁﬂ’_&f‘i t?ﬁéf?"éql‘hr‘?'f‘na,
silcon carbide) si !irﬁﬁati@h%&ﬁedrﬁmn bt ha@tupat® of ufdaturfied aRBHARE N3dRURBGH t AsThe
preferred support is a alpha - alumna or transitional alum na, such as
gama-, delta-, %or nepissentativeupfampless thereampep phec srentianady prasessespifer, seledizely
and oxygen are reac 1 a i.n .t r.e of ed
al kyl ene oxi de cat aﬁgxscgf fngupaggtrhtg lggg%ﬂalgpﬁe%?ﬁenf?ﬁ?e&gﬁagﬁo%? 9@?%’1(?? ﬁzregé{r)%?%te
fixed bed reactor tadloribntene @b sakeid ynhydtidel) ah aliphagabydrocarbar toithé cqresmmding s

of al kene in processes according to the invention may be in.the ranges 0.1
2130 and pr of or abl yePERY GBEOd, Shch 3 an el ramaTky I et it A 48

may be in the rangeajfsiyde (for ExBmpithexidatidn 6 mEth@iSALGHRI @ férsy ERMmaldhydee ahn
the range 0.01 and preferably 0.1 to 20 bars_and preferably 1-10 bars. The

y
oxygen may be slibpllkener of akaaenipean ldehder Sfom ¥pmaler PEIPERE AMBIOALITOPaRS to
commer ci al  oxygen. {rélbiny eRlaideRydEtdPirboxy e hamf_om,zame?acropeﬁrgﬁ%gmeraaej}
di oxi de and/ or nethane nay be present in proportions of 10-80% an
preferably 40-70% b§¢.15 volunme in total. Suitably the diluent conprises
met hane as aforesaid to i € SXE : ]
mllion by volunme of et %gér{g,%%%’ftg?g%%l tcl)ggtghgfaf\%?’flh&slrgrg?%gwg%%é?&%?
exanpl e 10 to | 0, OOBvopsagessypiem. nThe reactidpyfesdpasie miktu@3oft propyens, kigsmeand hir i s

necessary to opgrate i gas. comppsitions . whi.ch.are aoutside.the.expl osi ve
limits. 20 The lemplrietrAco s heth; linged 1 40 e 05t Teagter 3h 3y Sigalibn o1,/
200 to 300C and norgropyledectoaddryiein(CH2e=CHRCHO) 286 place KD the jiresehacsdf 4 cavaipgst
shoul d be sufficient to. convert. 0.5 - 70%, for exanpl.e 2 20 and .
referably 5 - 200 GTHES inGridRb OfnMUTEISH, Pt Gt MABIF 36, & main
separation of the pgsashontnt) 50 504DOL (EQfopednTehe Appt 09311 A1)i n the presence of
unconverted oxygen where aprpr opriate and 25 suitably after partial r val

: L e
of COz, Suitably 15 to SO RGeS R i has djreotty ingrodunsl 4 a RO ESAGIOR YhEEF §
consunmed. [t isypr eph@hresbtioRdt theExikFonCo HcRdlin 38 Abyfc BEd i (B 240T-T00Ege Theo t o
10% and nore preferably 1.5%to_ 8% by volune. The réaction is generally
effected in a tubul BActioBRIessHrecioRbPihsEeactens in appraximately, atgiospherig| With a contact
el ongated tubes in ift 2 v (P84 T I b0 r3yigdedyept h
a suitabl e cool ant ?‘Béwenﬁ\% tf?ggédesagﬁ éga'ﬁé}g’t Ejeg?n%’lilj'ﬁ%ﬁt’ ulgéégglﬁy’ ggi: ISJ‘SIPE F
B 2003 WO 001 11944 4,410,858, USP 4,415,752). The heat of reaction is typically removed by the

circulation of a heat transfer medium through the shell side of the reactors, for
25  example, water which is then recovered as steam. In accordance with the present
invention, such a process is effected with the selective oxidation catalyst
supported on a mesh of the type hereinabove described.
As another representative example of a selective oxidation process, o-
xylene is preheated and vaporized into a stream of air. The air contains about 60
30 toabout 100 grams of o-xylene per cubic meter, This concentration of o-xylene is
outside the explosive limit. The air/o-xylene mixture then is passed through a
11



PCT/ US991 23347 generally have an inside dianmeter of from0.5 to 2.5 inches
-with tube lengths being in the order of 1 S-30 feet. In a preferredIBFFBZl]U3
enbodi ment, the al kylene oxide is produced in a plurality of tubes that
contai n the supp¥Ptodadi%at al yst supported on a nesh-Ili ke swct ur e PGIURI%NZAA2475
pressure drop through the tubes being | ess than 2 bar, preferably | ess than
1.75 bar. The invention now will be described with respect to the foll ow ng
exanpl es; the scope of the present invention, however, is not intended to
be limted thereby. 10 Eianple 1. A m xed solvent was prepared by m xi ng

279.0 grams of di Smuﬁtltt?axé%’alé?&oraggckég-\atlgﬁek%mﬁ’rfedf&fafmmo@l%% A8 Rerélh ool

144.5 grans of anatase, grans of vanadyl oxal ate, 3.9 grans of .
antinony trioxi de, dessdbedl. 1Thequparasing prassise ibi abavicampsphatie  Waypishhx@d0Rimdtre he
solvent to obtain rel im nar Y, |yt ion, [ | .ung s, M.l | ed
in an Eiger ball m?‘?"Ipplf"bt g%h?abgé}asilg 1%)6 p“éregi g’?"égs‘fozl;ggob% é@%datwlil t(51 ‘éa\{\%séro r#‘e The
solid content in tgsdnt imvention. | F@ redctoriy/comppseiadfawaiadiadert in-lige 23ctibn\bnesto

Coating of this_ slurry on a flat sa}get nmade o 3;;?2 st ai nl ess steel, valhh

0. 8 thi cknessS ( nERHhEISCRrFoaled Wb A esemal ShPHL ANt 7 Eaebat Srucssp of the

previously) resul t gfehttbndnle@@fidng, Riwevat MeVtalyel suppofedtheredh lca-rhﬂi?fenl Hgéﬂbﬁ‘g
an

was determ ned after 20 air gun treatnent to renove excess slurry
fol | owi ng room t enpeneat Wr eutetici mixtere rafi prizksium: hitraigeznddsagdiumy nitritel BOwed The

final |oading after Cihll ' .
determ ned to be 2§9§ﬁ&k ﬂ%ggtﬁgﬁgﬁg]%mgghréggﬂeﬁg%g?ea%%g&?mﬁ%@ l\(l:a%?rhﬂﬁ;gf ed
sheets that were wimhatatpmetheosesbnyd woreh Aapsdure anddtitamiatm bxidet eck the ARIOC
with the slunry,used in Exa e 1 s garri.ed ou the followng .. .
procedures: di éocoé?'f’ﬁ‘ﬁ‘,emfoq Ithﬁéﬁta‘@g" a?‘r smal| ?"éouﬂ} 8%&%"'{‘6{9’ 5“%@"?‘}‘9 o¥ige it
tenperature dryingaddddo emajdr XomPortht d264atysT e tHechrsd fahetin Uredhue lowdraned
an average catalyst |oading of 25.1 w. % ~3 2003

adi ng wt. % 30 15 1 EFF VO
00/ 21 944 Ei anpl e~ 32ctpety of goptalysh 75imyatly.dsmsfl agouk ofRsasrbarysyqyidedt added g e
packing at 15 nm diyghghief )comﬁb&_m of S4alfsh inV¥RE REGDni Zohe 36 SRAPERE Bivhyheahed

at 300C (for one hour) ‘'was carried out “usi ng t he Same sl urrg descri’bed in
Exanpl e 1. A | oadi iegvesithomagonpt a temperatiire aftabent 38Q°Coter3607fe d The eanversiog of 8- t he

procedures in a «E I i lwe Ay: Xt Nng
D71 grams. of S T SaF yralR cmpleid iR Al 0 oalabhe PAbGE AL "3
grans of anatase, 2aed gMaleic efhydfide.apithalideosnd traess ofhdther 2abstanaessalsé are
anmoni um phosphatefm% m xed with the solvent to nmake a prelimnary slurry
solution. This slurrty fl'hen was ball-mlled in an Eiger bail mll to achieve
a nmean particle size of The g8 mixtureerserginigdrosrothe teactond ie pre-covlédndnd thdnified 3o avas
determned to be 2

stainl ess steel of %88%%%%%g§'%{{%@&§%%ﬁE,{n'ggﬁéedﬁq,hﬂéész o thE Rhed’

20  tubes as a solid. The switch condensers then are heated by heat transfer oil in an
automatic switching cycle. During heating, the deposited phthalic anhydride is
meited and collected in a storage tank. Finally, the crude product is purified in

two distitlation columns.
Heat removal and precise temperature control are crucial for this process.
25 These factors are important not only in order to avoid excessively high
temperatures, but also to achieve a better yield. In the use of prior art catalyst
structures, large temperature gradients often are present in the radial direction
even though the tube diameter is only one inch. This is a result of the high heat of
reaction coupled with the poor heat removal capacity from the catalyst bed. The
30  catalyst temperature should be about 340°C to 350°C, but due to heat transfer
limitations and temperature gradients, temperature up to 440°C at certain hot

12



15 acetone and heat treated in air at 300C for 1 hour, in this slurry
m.xture was determ ned to have a solid |oading of 23.4 w. % after d§ ¥Fpa003
as described in Exanple 1. Air-knife treatnment was used to renove the
excess of slurrywoamisdpport in this case. The particl e distribCt/As99/20547
the flat sheet appeared to be very even with excellent adhesion, after the
drying at 120C or after heating at 450C 20 in air or nitrogen. E=anple 5.
Coating of two pretreated nonoliths as described in Exanple 1 with the

di mensi on of | 5mm di ameter by 25.4nm height in the slurry, and the drying
25 procedure descrg b Mo g Viginpére@etisNGeledrivity - bwardd
19.2 wt. % respecsltp?[\%g??/.rh An %ﬁ?%ong}/q?ﬁfgﬁé&&mpm)nol_iths_of 9t he sane
si ze were prepar echthalic emhydride is ngartyorern bR}al!SeP{ﬁPlsc andhiydridsy is Oidized torFarbon

virtually identical. resuylts. - ' : b

catal ytic struct urdém‘['(ge' ggev ﬁé"@gﬁ ?%‘ﬁ% Stsq}éﬁ%gg? ft\?}geb%%négﬁ F%E\&gg{ ege-%(;n/ﬁ %r‘r?]agefo

gh'fl_ Eal ic anh%/dr}d?ele&&i@G(i;npmvad ry{?&lﬁi)zod&;V‘ﬁ_ll?ﬁln@l?ﬁ{lrdﬁﬁk sm%ezmo 4 ldsxafipl e
e suppor cmi,g,a al nmesh wi a i ckness o .8 mMm

st ai nl ess stee% fiﬂyg}‘gcmrnyfiﬂdi?ﬁtnﬁwsdi ameter and a void vol ume of 90% The

mesh is inmersed in an sgw&auﬁeﬁm#bhpaoatdaamm@nﬁra(m tbQ.0Vith EHick)Yaepbf-
al um na sol. The netal mesh is conposed of a pluralit | ayers _of netal

of
fibers. The mesh ictabygaslbicictive materiplecompgaing YanagBime Petoxd etitaniup shigxidtd i
pl aced between anq papgld €442t530]. WRe K& didotEn Hﬁ{@&fs%bﬁ‘d}&ﬂ%g@gfts‘é\?wgﬂ{ﬁtﬁeg

connected to the positrve’pol'e of a power supply. A poten .
applied for 60 secettjsicaltjuactive materiahistdopedswith phospberousi(WSR 8,68434 HexwitlThe

coat ed product,is dr.i.ed at,, 1 SOC {-pu 10
cal ci ned at 501(90 f'Bﬁld'f"h%'&{ofc s['""\‘/\h?%?hg’ﬁ gfrgpje%l’ gggr“gdbtg ﬁ%k"a %ﬂﬁgﬁ ’édgﬁ) IS
converted to Y al um naln Haeorddmoe nbithothealpresénnainetmpios i fuell sefeciie \wiidatidn tihe

conbi ned al um na and nesh., The,coated wire nesh is inmpregnated at .room
tenperature with PCGRYshsd ‘%En{%thﬁ\f%l’%- %‘nyéf ‘Fﬁ%s"aa?l%&é‘g’& 8 hfeinakove ch
silver oxal ate is dessipedxed with ethyl ene diam ne and to which solution

cesi um hydroxi de is added. The 15 i npregnated sanple |s heated in air _ at
280C for 20 minutes. T a%ﬂ‘hﬁﬁeﬁé%ﬂ‘e'ﬂthggéﬁ‘ﬁwﬁt° Hemis A Preptss forisle@ivilor  Ag

and about 150 ppm BbxigiSink R alkENE ok dh Jngsfrenyeﬁo&ﬂe.rmﬁ Bxanfpleddf thil PeadidtEis\the €
di mensi ons and conposi tion as described Z0 in the previous exaqp h

A . " . | e'. T e
mesh is connect ed epexidatien of giylene inthy sasepushasesq frrm ethlermeride,Thp vield of wt oo
sluny of a Bound Ga{pEnk 6ki j rﬁodﬂ“ﬁ@rﬂ@. 0 hiiR
surface area of 7:-8 m;gh?%ls\*ﬁ@eéraf&aﬁ 0.18 wt Wf%&gﬁlyﬁﬁaoé%wgﬁ 0%“.‘%‘6“‘6\& %
of a commercial quidsr aad yheasaiastvityof suchr oreersigrentin gineral dvigher ftempferat@es/ | s
applied for 2 mn . = ' ' LT Q .
m nutes. The 25 a%‘&%ﬁe Cg?'egrg'?g?'}ag%wi%%%%%tnﬁﬂa‘%ﬂf%& ccf%%{)erssl?ot%égbiloﬁ{cffggmr?gsh i's
24. 4% by wei g0 ofselettivitg omiordee tb niaih asugppmotn veld. datthis yestbodibiest, ethgteeel isv r e

e S Lo s SRR TPt o el s ™
di am ne and to whipahicsialesupport. TieSsupporisy cirayst tauppmstedoitiesheshilike straquiregnat ed
sanple is heated in ai rIn %;[ie gx%g)(%ir];gnrt, 1%9 pz:\LrZiculate support that is used for supporting the
catalyst for converting an alkene to an alkylene oxide has a surface area of 0.1 to 5
25 m%g. Inanother embodiment, the surface area is greater than the surface area of the
catalytic supports previously used in the art. As known in the art, such prior art
supports preferably have a surface area from 0.1 to 5 m*/g. Such prior art supports
are preferably formed from alpha alumina. In this embodiment, the particular
catalyst support is a porous support that has a surface area that is greater than 5 m/g,
30  and preferably a surface area greater than 25 m%/g. In most cases the surface area
does not exceed 300 m¥/g. The surface area is measured by the Brunauer, Emmett
13



1 0 Ev B 2003 WO 00/21944 PC T/US99/ 23347 m nutes. The alum na on the
support contai ns about 20 wt % of Ag and about 150 ppm of cesium p‘ﬂh o3
7 describe the preparation of a catalytic structure to be used int
sel ective oxi dat manoozfissat hyl ene to ethylene oxide. 5 It is to becrT/use9nizsr
under st ood) however, that the scope of the present invention is not to be
limted to the specific enbodi nents descri bed above. The invention may be

practiced other than as particularly described and still be within the
scope of the acconpanying clainms. 18 18 ~r B 2003 Wat is clained is:

1. A process for sghachivaer) heindhz }%gsu?ﬁbrpfsgzaﬂyr&ls@h%%ihﬁ is ReADREis@ht) dnd

sel ectively oxidizing an organic no e In a reaction zone by contact 5
with a supported ossiretaesentativexainpiss obsuch suppohts theteamayt bmmoeed adurhiga, silcon

mesh-1ike structure .c I Sin luralit. | avers nt.ed
fibers, said fi ber?%@%h&‘&"‘g’%@ b O b Mg biupfiiiSuadit THERERH °"Y§”§’Péﬁst
mesh- | i ke StI’UCtUI’ﬁphaﬂ—tdhﬂﬂitnabhﬁrﬁlﬂﬁmhﬁmﬁna}&iomaygimha-\(dﬂg- armheuadaluminarre of
at | east 85% said supported catalyst conprjsing.a sel ectlve ﬁatlon

catalyst on a parti cul a%seagﬁaffamtwe§é?'aplﬁa%l{(¢r@&rlat°éywm%wm IP; the 8aggous

average particle sjimg iﬂfthéI-QreEE?icQBpéli@?oﬁgﬂaﬂkyﬁ@n%ﬁﬂé’éﬁalyszsup-BBﬁed)BxQE‘?&%th
claiml wherein the nesh-li ke materi a rises at | east one of a netal or

metal oxide. |5 3. 1lkFHiE!PRbe$!B§§1r@F1 adfixgd lpeg rm@r éiahlstmdemblwtaltwlﬂitfeﬂcm!pport
h |
as an average partic %a?ﬁﬁ%regi t%l?e%% Plto'&@ge%%ccg%dﬂ QEﬁ |§veS mpigr é»ngyot? SS

of claim1l wherein the &omat er
structured packi ngn th)ra‘ﬁgesTmb—mOcnnéspsefetfabb'I latorﬁ01banmmae moiaheat'mamfadxygen to

supported on t ticul ort t

- Pihe. or ocessithr ke ey erin R 008 B, e WinialdierBie GroniBemmey bh
an 25 al kene to anthatdngk 0108 20X pféerably oihezprbmaas pfn‘feratblwlrnobavmelr}eldxyg&e
sel ective oxidation i % oxi dati on of oxylene to phthalic anhydride. 30 8.

The process of cl aM# Pe\Hepitsdnfor sxaraple datthg Jomgx A A% 8 Preéergfily datsoammegsial
propyl ene to acrol giygen 9A di@nPEREERpR! he@n'n.\ﬁa' rﬁltﬂo?é@e{u@br{‘ caf¥Bn e84 hiFor

oxidation is OX|dat|on of propane to acro ein
methane may be present in proportions of 10-80% and preferably 40-70% by

15 volume in total. Suitably the diluent comprises methane as aforesaid together
with, for example 100 to 20,000 parts per million by volume of ethane, preferably
together with small amounts, for 'example 10 to 10,000 parts per million by
volume of Cj to Cg alkanes. It is necessary to operate using gas compositions
which are outside the explosive limits.

20 The temperature is suitably in the range 180 to 320°C, preferably 200 to
300°C and more preferably in the range 220 to 290°C. Contact times should be
sufficient to convert 0.5 — 70%, for example 2 to 20 and preferably 5 — 20% of the
ethylene and unconverted ethylene is, after separation of the product, suitably
recycled, optionally in the presence of unconverted oxygen where appropriate and

25  suitably after partial removal of CO,, Suitably 15 to 50% and preferably 25 to
40% of the oxygen fed is consumed. It is preferred that the CO; content should be
in the range 1% to 10% and more preferably 1.5% to 8% by volume.

The reaction is generally effected in a tubular reactor comprised of a
plurality of paraliel elongated tubes in a suitable shell, with the shell being

30 provided with a suitable coolant to remove the reaction exotherm. The tubes

14



1 8 F EB 2003 10. The process of claim1l wherein the sel ective oxidation
is oxidation of acrolein to acrylic acid. 11. The process of claim 618 FEB 2003
wherein the particul ate support has a surface area 5 greater than 25n2 /g.
12. The process ofo6dAbdn 1 wherein, in said reaction zone, said ggaikeésHe
structure including the supported catal yst has a void volune of at |east
60% and no greater than 95% 10 13. The process of claim 1l wherein the
selective oxidizing is effected in a tubular reactor, and wherein tubes in
said tubul ar reactor include said supported catal yst on said nesh-1ike
structure. 15 14. ?e ROSIvE | NGB Rl dntekdd Bf fFons ® £ n\se.ngpfesde«hhczﬁbet:@ﬁg%svst
supported on a partic te support that is supported on a nesh-

structure conpri si hgnglrphupederoill-‘oiio featyer s of random y ori ent ed f| bers
said fibers having a di et I

support havi ng an aver aﬁ' Bra? eé“%g;&?lgmhgheéar pgogh%dgﬁoﬁ?isu?ﬂﬁép
sai d mesh-1ike mat mbbﬁdha%ma&rtdheuﬁppbhai emmompgmadadnad mesh-likeastruaure ovidd the

vol unme of at |east 85% 15. The, conposit.i o of ¢

sel ective oxi dafi oﬁ’eés&feaql%ih"wq lgfgbgw ‘hﬁ'hjt'iggrai’raééﬁya??ﬁmégsa’ﬁ/zes

the oxidation of ethyl ege tigventiby | RRe wani sie de&@ibed\ vt réspRet{ td\the following
A&U?.A(LAY.AF.A A S A A . Asuf.A A AL. A Ay. AR+4f. D3Ar |/ 34AP_6

zupkf a\ W ca] ca] ca] exdmpidse sbe a3apg] ofhe Drestat] @HEntionc Apwayetajscael] Bepded] oaeca] c

a] ca] ca] ca] ca] ca] Cq Hpeal cal cal

'wyF?D 8{ vgl ga\ V\]c]a'flca@?ca?c( aJ ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c

a) ca] ca] ca] cal] cal ca] ca] ca] calca]ca]ca]calcal K, h

FUL LT #r #n$% &\ &&T'.C 2

ol Sl vv: rrﬂc"Y] ] c,lﬁ‘& 5’]‘ ﬂf!fal] ca]( ((:e:] c?a] )ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] cajcaixed |solvkmayvasaprepated by miiag 12/79 0/ gt 00 AbiHd38aterd | 44

, 5b5~5556h67 | gb gl ¢’

oo o e bR A ke )bl s
; 7<<. =] =/ >b?Y@QIAAHBRnaN Eﬂ:wfawas\él\gﬁaismlaﬂu@ra&ﬂ)c&io&mlecaﬂd:e]wag}m] &&Lﬁiaﬂxﬁﬁ] ca

] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] c ca] cal ca] ca] ca! BB~CCC, D} DD#E

X EELGGHI | JJJKK$KKMeMpaptessasmixed yith % PreAipuagry a'}leaf@a‘}%]%ﬂ ca]

TU_U
,Cf‘,] mtﬂ)(g&]E%;ﬂz%l[ c l\-si].ﬁm%&% salﬁg(%il qﬁh%&ﬁk@gﬁ@ f%iz?%}ﬁ J’o"%ca] :
B

aJ]U] ca] ca] Ea] ca]< gg] m)a(qre b4 asﬂ]dmptsa] ma]t@]aémnwﬂmméqt@mlwpem %U]wsa] i:a
cal " " Faaaa 6XC cajlc
a] ca] ca] ca] ca] ca] ca caﬁ%’?%ff 1@[?93 QF a}d ?51[[1 ca c9 ﬁ]qca']“a'l ffﬂ]n] ca]
ca] ca] ca] ca] ca! noMphgkn zmgvtzesn{qc[:qom W]i bgat-trEased &t @QOIlCca]e&'&Pdn)] cau

| ca] ca] ca] cal galYgg]igala%a%galgcgd S poAporgay S ppe T

1] v b X o 70pc] aajsomhunkocioehond catsalus) o Uliayios)rosh calmeatue dhira ca
T o CaanL ol - atpa Sl vkt AniRaeial Xy 94l dpadine. o selining s %

al] ca] ca] cal] ca] calfd} aitdoged amlcsplleeawhededrmmidicabetnlar] wa hLOTKG

$E} x| wngb\ W e_ZU] ] calU] ca] calU] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] cajcadf . ~ @109%& ()-,,109%& () -
10%& ()-!;0@ 10% E(‘"&P(‘)z @ 109%<& ()-'10%& ()-. a?!, 10% <

<& ()- 10%& O)- 10%& 10%<<& z f'10%<& (éza @0%:& ()-D3A}[ <I +
10%& ()- I N + 2§0%3<B<& 9tmgl owmdemzm@w { pere-waghed greviously withy, <

<& ()-r 101234u] _OyLellhdBink et théhted at 300°C with the siurry used in Example 1 was carried
out by the following procedures: dip coating, followed by air-knife blowing (at 5

bar), room temperature drying, and oven drying at 120°C. The resultant product
showed an average catalyst loading of 25.1 wt. %.
30
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he soli

1096 & () - f 2109 &ap Eigar pedloms! kﬁq pehigveqoamean partinle, s@e of 0.58 micronk
10% " & () - z88883QGqaHk: lﬁ%lg%ﬂ% Wis determined to be 29.0 wt. %. Coating of a microfiber

mesh structure of 316 stainiess steel of 0.8mm thickness, previously washed with

15  acetone and heat treated in air at 300°C for 1 hour, in this slurry mixture was
determined to have a solid loading of 23.4 wt. % after drying as described in
Example 1. Air-knife treatment was used to remove the excess of slurry from

‘ support in this case. The particle distribution on the flat sheet appeared to be very
even with excellent adhesion, after the drying at 120°C or after heating at 450°C

20  in air or nitrogen.

Example §.
Coating of two pretreated monoliths as described in Exampie 1 with the
dimension of 15mm diameter by 25.4mm height in the slurry, and the drying
25  procedure described in Example 1 gave a catalyst loading of 19.1, and 19.2 wt. %,
respectively. An additional thirty (30) monoliths of the same size were prepared
subsequently according to this same procedure with virtually identical resuits.
Examples 1-5 describe the preparation of a catalytic structure to be used in
the selective oxidation of o-xylene to phthalic anhydride.
30
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15 ~ impregnated sample is heated in air at 280°C for 20 minutes. The alumina on the

support contains about 10 wt% of Ag and about 150 ppm of cesium.

Example 7
The wire mesh is of the same wire dimensions and composition as described
20  in the previous example. The mesh is connected to the power suppiy and placed in
the bath with a 10 wt% slurry of a ground commercially available alumina catalyst
support with a surface area of 7.8 m*g in water, with 0.18 wt% alumina sol and 0.06
wt% of a commercial quaternary ammonium chloride agent. A potential of 10 V is
applied for 2 minutes. The sample is calcined in air at 500°C for 60 minutes. The
25  amount of catalyst support that is deposited on the mesh is 24.4% by weight of the
combined mesh support and catalyst. The coated wire mesh is impregnated at room
temperature with 1.0 g of a 7 wt% Ag-containing aqueous solution in which silver
oxalate was complexed with ethylene diamine and to which solution cesium

hydroxide was added. The impregnated sample is heated in air at 280°C for 20
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10% o' o& () EQ;I&?SYJE% p]hQrality of layers of randomly oriented fibers, said fibers having a diameter

of less than 150 microns, said mesh-like structure without the supported catalyst having a

void volume of at least 85%, said supported catalyst comprising a selective oxidation

catalyst on a particulate support, said particulate support having an average particle size of

10  no greater than 50 microns.

2. The process of claim 1 wherein the mesh-like material comprises at least

one of a metal or metal oxide.

15 3. The process of claim 2 wherein the particulate support has an average

particle size of no greater than 20 microns.

4, The process of claim 1 wherein the mesh-like material is in the form of a
shaped structured packing.
20
5. The process of claim 1 wherein the catalyst supported on the particulate

support is coated on the mesh-like material.

6. The process of claim 1 wherein the selective oxidation is oxidation of an
25  alkene to an alkylene oxide.
7. The process of claim 1 wherein the selective oxidation is oxidation of o-

xylene to phthalic anhydride.

30 8. The process of claim 1 wherein the selective oxidation is oxidation of

propylene to acrolein.

9. The process of claim 1 wherein the selective oxidation is oxidation of
propane to acrolein.
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5  greater than 25m’ /g.

12. The process of claim 1 wherein, in said reaction zone, said mesh-like

structure including the supported catalyst has a void volume of at least 60% and no greater

than 95%.
10
13. The process of claim 1 wherein the selective oxidizing is effected in a
tubular reactor, and wherein tubes in said tubular reactor include said supported catalyst on
said mesh-like structure.
15 14. A composition comprising:

a selective oxidation catalyst supported on a particulate support that is
supported on a mesh-like structure comprising a plurality of layers of randomly oriented
fibers, said fibers having a diameter of less than 150 microns, said particulate support
having an average particle size no greater than 50 microns, and said mesh-like material

20  without the supported catalyst, has a void volume of at least 85%.

15. The composition of claim 14 wherein the selective oxidation catalyst

comprises silver and said catalyst catalyzes the oxidation of ethylene to ethylene oxide.

20



